Purpose To assess the value of diabetic retinopathy (DR) severity as a possible predictive prognostic factor for the progression of chronic kidney disease (CKD). Patients and methods Retrospective cohort study. Patients (51) who were initially diagnosed with DR and CKD were enrolled and their medical records were evaluated. The following ophthalmic factors were assessed by fluorescein angiography at the initial visit: area of capillary nonperfusion, presence of neovascularization and vitreous hemorrhage, and DR grade. The effect of these factors on CKD progression over the 2-year period of the study, defined as doubling of serum creatinine or the development of end-stage renal disease requiring dialysis or renal transplant, was evaluated. Results The study included 51 patients with DR and CKD; of these, 11 patients (21.6%) were found to have proliferative DR (PDR) and seven patients (13.7%) had highrisk PDR at baseline. Patients with ischemic DR, who showed extensive capillary nonperfusion (Z10 optic disc areas) in the retina, had a greater risk for CKD progression (hazard ratio ¼ 6.64; P ¼ 0.002). Conclusion We found that extensive capillary nonperfusion in the retina greatly increased the risk of progression of CKD in patients with DR. This suggests that the retina and the kidney may have shared risk factors for microvascular disease secondary to diabetes mellitus, and emphasizes the need for a team approach to diabetes care.
Introduction
The number of patients with end-stage renal disease (ESRD) requiring dialysis therapy is increasing worldwide. Early diagnosis and treatment of chronic kidney disease (CKD) may reduce the burden of ESRD. 1 In addition, CKD is a known risk factor for cardiovascular disease, and prohibiting and delaying the progression of CKD is therefore important to prevent not only ESRD, but also cardiovascular disease. 2, 3 Diabetes mellitus is one of the leading causes of CKD, and recent epidemiological studies have shown a significant rise in the prevalence of diabetes worldwide. 4, 5 Diabetes is a metabolic disorder of carbohydrate metabolism in which glucose is underutilized, producing hyperglycemia. The complications of diabetes include both microvascular complications (predominantly retinopathy, nephropathy, and neuropathy) and macrovascular complications. 6 The complications of diabetes increase the burdens on diabetic individuals and health-care systems.
The retina and the kidney share similar microvascular complications from diabetes mellitus. These diabetic microvascular complications may have devastating consequences, including blindness and ESRD. Some authors have identified associations between the complications themselves, and one complication can serve as a risk factor for another. Recently, studies have shown that the presence of diabetic retinopathy (DR) itself may leave patients at risk for diabetic nephropathy. [7] [8] [9] [10] [11] However, the specific prognostic factors of DR such as DR stage, presence of neovacularization (NV) or vitreous hemorrhage, and degree of nonperfusion area on fluorescein angiography (FA) that predict the progression of CKD have not yet been studied.
We predicted that extensive nonperfusion area on FA, NV, vitreous hemorrhage and higher DR stage could reflect the degree of injury in renal small vessels and predict the risk of developing ESRD. We examined whether DR increased the risk of CKD progression and examined which ocular factors predict the progression of CKD.
Subjects and methods

Study design and participants
We performed a retrospective cohort study in patients with DR and CKD to investigate whether DR is associated with the progression of CKD over a 2-year period. The medical records used in this study were collected from patients initially diagnosed with DR and CKD who visited the outpatient clinics of both the Departments of Ophthalmology and Nephrology of Hanyang University Guri Hospital between July 2007 and January 2009. This study was performed in September 2012. We only enrolled the patients who were undergoing FA for clinical purposes at their initial visit to the ophthalmology clinic. The patients were initially diagnosed with CKD by a nephrologist according to the National Kidney Foundation KDOQI (Kidney Disease Outcomes Quality Initiative) classification. 12 All enrolled patients adopted prophylactic strategies such as blood pressure (BP) control, glycemic control, and dietary protein restriction in the Department of Nephrology. Exclusion criteria were history of vitrectomy, panretinal photocoagulation, intravitreal anti-vascular endothelial growth factor injection, and renal replacement therapy including dialysis and renal transplant. In addition, patients who were not regularly followed-up by nephrologists at our hospitals over the 2-year period were excluded. We also excluded patients with concomitant glomerular disease, vascular disease, tubulo-interstitial disease, or cystic disease, which are all other causes of CKD (Figure 1) .
The primary outcome measure of this study was the time to the first event of serum creatinine level doubling or development of ESRD defined as dialysis or renal transplant. The primary outcome represented the progression of CKD. 13 The institutional review board and ethics committee of the Hanyang University Guri Hospital approved the study, which adhered to the tenets of the Declaration of Helsinki. Patient consent was not required.
Measurement of capillary nonperfusion area in fluorescein angiographic images
FA was recorded using a high-resolution digital fundus camera (TRC-50DX; Topcon Corporation, Tokyo, Japan) when DR was initially diagnosed. A series of digital images was taken after the rapid intravenous injection of 5 ml 10% fluorescein solution. FA images of adjacent, overlapping fields were cut and pasted together to form a retinal FA montage using computer-based image reconstruction software (IMAGEnet system; Topcon Corporation). With the FA montage image, we set the center as the point between the disc and the fovea. Then, an imaginary circle was drawn, the radius of which was twice the distance from the disc to the fovea. The capillary nonperfusion area was outlined manually and then the area was measured using an area measurement program (ImageJ; National Institutes of Health, Bethesda, MD, USA) within the imaginary circle. Capillary nonperfusion was defined as a dropout of the retinal capillary bed as detected in the FA image, and enhancing the contrast mode in ImageJ software emphasized the area. The disc area (DA) was measured in the same way and the nonperfusion area was expressed as compared with the DA. Two retinal specialists who were masked to any clinical information performed the measurements.
We classified the perfusion status of DR as ischemic and nonischemic based on FA characteristics. Ischemic DR demonstrated 10 or more DAs of retinal capillary nonperfusion on FA. Nonischemic DR demonstrated o10 DAs in the area of retinal capillary nonperfusion on FA.
Estimation of glomerular filtration rate (GFR) and determination of CKD GFR was estimated using the Modification of Diet in Renal Disease Study equation. 14,15 CKD was defined according to the National Kidney Foundation KDOQI classification. CKD was defined as either kidney damage or eGFRo60 ml/min/1.73 m 2 for Z3 months. Kidney damage is defined as pathologic abnormalities or markers of damage, including abnormalities in blood or urine tests or imaging studies. 12 
Definitions of other risk factor variables
At the baseline examination, we checked each patient for a history of hypertension. Hypertension was diagnosed when BP was 4140/90 mm Hg or the patient was receiving antihypertensive treatment. We also checked for the duration of hypertension, which was defined as the time from diagnosis of hypertension or the first time the patient was hospitalized. Mean data were used for analyses. All laboratory measurements were obtained for clinical management purposes, and were not obtained at a specific time. Laboratory measurements were performed in the same laboratory and included: serum creatinine, hemoglobin, albumin, calcium, phosphate, hemoglobin A1c (HbA1c), serum lipid profile including triglyceride, low-density lipoprotein cholesterol, and high-density lipoprotein cholesterol concentration. Serum creatinine was measured by the Jaffe kinetic method. We defined 'creatinine doubling' as any increase reaching at least twice the baseline.
The presence of albuminuria was defined using urine albumin creatinine ration (UAC). UAC of 30-300 mg/g was defined as microalbuminuria and UAC over 300 mg/g was defined as overt albuminuria. 17 DR was graded according to the Early Treatment for Diabetic Retinopathy Study (ETDRS) scale as nonproliferative DR (NPDR) and proliferative DR (PDR) by assessment of presence of retinal NV or abnormal growth of new retinal blood vessels in to the vitreous. High-risk PDR (HR-PDR) was defined by ETDRS guidelines. Patients who had the following risk factors were assigned to the HR-PDR group: (1) presence of neovascularization of disc (NVD) 4ETDRS standard photograph 10A; (2) less extensive NVD, if vitreous or pre-retinal hemorrhage was present; (3) NV of elsewhere (NVE)Z1/2 disc area, if vitreous or pre-retinal hemorrhage was present. [18] [19] [20] [21] For the analysis in this study, the PDR group only included those with PDR but without high-risk factors.
Statistical methods
All data are expressed as the mean±SD. For the analysis, we randomly selected one eye from each patient.
We categorized the patients as two groups, ischemic and nonischemic DR. Comparisons of baseline w 2 -tests were used for categorical data and independent-sample t-tests were used for continuous data. Kaplan-Meier curves were used to explore differences in time to primary outcomes from the initiation of follow-up between two groups. A two-step approach was used to identify the prognostic factors associated with CKD progression. First, to identify factors associated with CKD progression, a univariate Cox regression model was used to estimate the hazard ratio and its 95% confidence interval (CI). Second, multivariate analysis using a Cox regression model was used. All the factors that were identified as affecting CKD progression by univariate analysis were included in the multivariate analysis to determine which factors were most associated with CKD progression. A forward selection method was used. Po0.05 was considered statistically significant in all analyses. All statistical tests were performed using the PASW Statistics 18.0 (SPSS Inc., Chicago, IL, USA).
Results
Baseline characteristics
Overall, 51 patients with DR and CKD were enrolled in this study. All of the 51 patients had type 2 diabetes. Patient distribution by the DR stage included 33 (64.7%) with NPDR, 11 (21.6%) with PDR, and 7 (13.7%) with HR-PDR. Patient distribution by the CKD stage included 6 (11.8%) in stage 1, 14 (27.5%) in stage 2, 21 (41.2%) in stage 3, 7 (13.7%) in stage 4, and 3 (5.9%) in stage 5.
Patient baseline characteristics were compared between those determined to have ischemic DR and those that were nonischemic based on the extent of capillary nonperfusion on the FA montage images and are listed in Table 1 . There were 31 men and 20 women. The mean age was 58.2±12.4 years, and mean eGFR was 55.0±29.6 ml/min/1.73 m 2 . At baseline, 27 patients had ischemic DR and 24 patients had nonischemic DR. Albuminuria and serum creatinine levels were higher in those with ischemic DR compared with nonischemic DR, whereas eGFR, hemoglobin, and albumin values were lower.
Primary outcomes
During the 2 years of follow-up, 24 patients (47.1%) showed CKD progression, developing one of the two primary outcomes; doubling of serum creatinine level (9 patients) or the development of ESRD (15 patients). CKD progression according to the baseline retinal perfusion status is listed in Table 2 (comparisons between the two groups).
Eye
Kaplan-Meier analysis according to the perfusion status of DR is shown in Figure 2 . Patients with ischemic DR had a significantly higher event rate than patients with nonischemic DR (Po0.001). In our univariate model, ischemic DR, NV and vitreous hemorrhage, DR stage (PDR), albuminuria (both microalbuminuria and overt albuminuria), serum creatinine level, hemoglobin level, and albumin level were strong predictors of CKD progression (Table 3 ). The risk of CKD progression for patients with ischemic DR was 8.14 times that for patients with nonischemic DR (95% CI, 2.73-24.33; Po0.001). We built a multivariate model with a stepwise forward selection process. Among the seven significant variables noted on univariate analysis, three (ischemic DR, serum creatinine level, and albumin level) had a significant independent effect on the development of outcomes in multivariate analysis. This clarified that ischemic DR predicted the development of outcomes independently even after adjustment for other risk factors (hazard ratio, 6.64; 95% CI, 1.96-22.52; P ¼ 0.002).
Discussion
We found that patients with ischemic DR had an increased risk of CKD progression compared with Diabetic retinopathy and chronic kidney disease WJ Lee et al patients with nonischemic DR. Our findings suggest that patients with capillary nonperfusion Z10 DA on FA should be considered a high-risk population not only for DR, but also decreased kidney function; therefore, more intensive investigation of kidney function is recommended in these patients. The results of this study also support the shared microvascular damage in diabetes in the retina and the kidney. Both the retina and the kidney are low-resistance end organs that are supplied by very small vessels. The small vessels in the retina and the kidney are highly susceptible to fluctuations in BP and blood flow. The anatomical similarities in the vascularization of the retina and the kidney give rise to complications of diabetes in the small vessels that appear in both organs. Usually, retinopathy and nephropathy progress in parallel. [8] [9] [10] The patients enrolled in the current study had a high prevalence of PDR (35.3%; including HR-PDR) and CKD over stage 3 (60.8%). The data showed that patients who were coincidently diagnosed with DR and CKD had advanced microvascular complications in both the retina and the kidney.
To our knowledge, the present study is the first attempt to determine the specific prognostic factors of DR to predict the progression of CKD. We initially predicted that the extensive nonperfusion area on FA, NV, vitreous hemorrhage, and DR staging would be possible prognostic factors for CKD progression. In the current study, we showed that the risk of reaching outcomes (CKD progression) for patients with ischemic DR was 6.64 times that for patients with nonischemic DR. It is interesting that ischemic DR was the only risk factor for CKD progression among those predicted, and that NV and vitreous hemorrhage were not risk factors for CKD progression. NV, vitreous hemorrhage, or DR staging are important indicators of DR severity, but have less predictive value than retinal ischemia for CKD progression. This might be owing in part to the DR severity of the study population. We only enrolled the patients who were examined with FA and this may have selected a more severe population. A follow-up study should examine a population with a greater distribution of DR severity.
We additionally performed a correlation analysis of continuous DA of the nonperfusion area with changes in serum creatinine. The nonperfusion area of initial FA exam was significantly correlated with the ratio of last serum creatinine to initial creatinine level (Spearman correlation; r ¼ 0.524, Po0.001) (Supplementary File). Although this additional analysis was simplified, the result could strengthen the hypothesis that ischemic DR could be a possible prognostic factor for CKD progression.
The detection of retinopathy is easy via regular fundus examination (or fundus photography), but the diagnosis of early-stage nephropathy requires microalbuminuria to be determined via urine analysis. 22 Fundus examinations can detect retinal vascular changes noninvasively and directly, and the eye is the only organ in the body that allows direct visualization of microvascular changes. In regular examinations of patients with DR, FA (with minimal invasiveness) can also supplement the clinical assessment of DR, demonstrating microaneurysms, capillary nonperfusion, intraretinal microvascular abnormality, and NV. Our study showed that ischemic DR is valuable to predict the progression of CKD, which means that FA for periodic DR examination can be useful not only in detecting the progression of DR but also in predicting the progression of CKD.
We categorized the patients in two groups, ischemic and nonischemic DR. We set 10 DA of nonperfusion as the reference point because 10 DA has been widely used in the evaluation and treatment of central retinal vein occlusion. 23 Our study has several limitations. First, because of the retrospective nature of this study, we could not account for all possible confounding factors that could affect CKD progression, such as smoking and family history. Second, there were some limitations in image processing. Images in the periphery were misaligned on the FA montage, and because we placed the three-dimensional retina on a two-dimensional canvas, individual FA images in the periphery were stretched and distorted. 24 Although we limited the individual fixed imaginary circle on the FA montage, anatomical variation may have caused the evaluated area to vary. We measured the nonperfusion area relative to the individual disc area, but normal disc size can also vary. In addition, the nonperfusion area under vitreous hemorrhage could not be evaluated owing to blockage of fluorescence. Third, all of the patients enrolled in the current study were tested with FA. In common practice, FA is not routinely performed. This means that the patients in the current study had relatively advanced DR status at the initial visit and this may have caused a selection bias. Fourth, serum creatinine can fluctuate extensively, especially in diabetes, and so the definition of baseline and doubling of creatinine levels may also vary. The average level of creatinine over a time period might be a preferred measure and this should be considered in a future study.
Ischemic DR characterized by extensive capillary nonperfusion (Z10 DA) on FA appears to predict the risk of CKD progression in patients with DR and CKD. This suggests that the retina and kidney share risk factors for microvascular disease secondary to diabetes mellitus, and emphasizes the need for a team approach to diabetes care. When ophthalmologists find ischemic DR on FA during regular DR examination, timely and prompt referral to a nephrologist is recommended.
Summary
What was known before K The relationship between diabetic retinopathy (DR) and diabetic nephropathy (DN) has been reported, and the prescence of DR itself may reveal patients at risk of DN.
What this study adds
K Ischemic DR characterized with extensive capillary nonperfusion is a possible prognostic factor for the progression of chronic kidney disease.
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